Autoradiographic studies with tritiated amino acids have demonstrated that proteins of different composition might be synthesized in cells of the basal, spinous, and granular layers of the epidermis in man and newborn rats (1) (2) (3) . The gradual morphological changes taking place during the process of epidermal keratinization were considered to result fundamentally from de novo synthesis of RNA and proteins in each of these three layers. Since Rudall (4) first demonstrated that different proteins were present at different levels in longitudinal sections of cow snout epidermis, numerous biochemical studies have detailed the isolation and characterization of soluble and insoluble cpidermal proteins (4) (5) (6) (7) (8) (9) (10) (11) (12) . Hoober and Bernstein (13) isolated HC1O4 soluble polypcptidc (s) rich in histidine and glycinc from newborn rats and suggested this substance was synthesized in the granular layer on the basis of prior autoradiographic observation (2) . But the precise localization of these polypcptide (s) and other proteins isolated from cpidcrmal cells remains unknown.
No reliable methods arc available for the separation of epidermal cell layers or organcllcs for biochemical studies. An isolation technic for keratohyalin granules was proposed by Matoltsy (14) , but the amount isolated was insufficient for chemical analysis. Furthermore, in man it was found that about 10 per cent of granular cells located in the outermost layer were not synthesizing protein (3) The number of silver grains appearing in the basal, spinous, and granular layers were counted using a Whipple Eyepiece micrometer disc under 1280-1600 X magnification at 1 hour after injection of these amino acids. Since the number of grains actually appearing in the sections varied considerably from one amino acid to another, a ratio of the counts in 200 squares (approximately 20 X 2,000 microns) in each layer was computed, assigning the count in the basal cells as unity.
The time for radioactivity to appear in the cornified layer was determined, and the morphology of these initially labeled cornified cells was studied in relation to movement of granular cells. The present report concerns patterns of protein synthesis relative to kcratinization in the epidermis of newborn rats as determined by autoradiographic technic after injection of isotopically labeled amino acids. Biopsies were taken sequentially to follow the movement of labeled cells into the cornified layer.
RESULTS
Radioactivity was distributed over all three layers of the epidermis at 1 hour after injection of the 11 different amino acids-H' used in this study. The cornified layer remained unlabeled at this time. There were, however, significant differences in the number of grains appearing over a given area of each layer (see Figs ing in the spinous layer was slightly higher than in the basal layer after injection of arginine-H', histidine-H', methionine_Ha, and serinc_Ha, and lower after injection of the other amino acids-H3; in general the overall amount of protein synthesis seemed to be essentially the same in these two layers. Label in the granular layer on the other hand was much lower than in the basal and spinous layers after injection of lcucinc-H', lysinc_Ha, mcthioninc-H', phcnylalanine-H', and valineHa ( Fig. 3a and 3b) . Injections of arginine-H', histidine-H', glycine-H3, and serinc-H' resulted in a greater incorporation in the granular layer as compared with the lower two layers ( Fig. 4a and 4b ). Labels appeared concentrated over keratohyalin granules, especially those smaller granules seen in the middle of the granular layer (newborn rat epidermis consists of 3-4 layers of granular cells; the size of granules is very small in the lower area and much larger in the upper area).
The amount of incorporation of proline-H' and tyrosine-H' appeared almost the same in all three layers ( Fig. 5a and Sb). Some grains were seen over keratohyalin granules after injection (Fig. Ga) . They took the shape of single cells which often contained nuclear debris (Fig. 7a) or were stained somewhat darker with a reticular mesh-like intrastructure (Fig. 7b) . Sometimes they appeared enlarged and swollen; in these cells the eosinoplulic mesh-like structure became more obvious (Fig. 7c) . These labeled cells were clearly demarcated from adjacent unlabeled cornificd cells. With hematoxylin and cosin staining alone they could be distinguished from other cornified cells which stained more homogeneously and presumably were further differentiated. The labeling studies, however, simplified recognition. The number of labeled cells in the cornificd layer increased gradually with time and by 24 hours after injection the lower part of the cornificd layer was continuously labeled (Fig. 6b) . niscussso Synthesis of protein in cpidcrmal cells of small animals has been studied by autoradiographs after administration of bicarbonate-C'4 (15) , mcthioninc-533 (16) (17) (18) (19) (20) , cystinc-S33 (16, 19, 21) . From these studies protein was considered to be synthesized in the deeper layers of the epidermis, and to move to the surface with the cell. Recently, it was reported that intradermally injected glycinc-2-C'4 in the pig resulted in labeling of all layers of the epidermis except the cornified layer. However, these findings were difficult to interpret because the relative high beta energies from sulfur35 and carbon14 do not allow precise localization of reduced silver grains over the specific cell layer or cell organdIes. We have had similar difficulty localizing cystinc-533 in the epidermis of man and animals. Its relationship to the process of cpidermal kcratinization will be reported separately. Use of tritiatcd amino acids allows more definite demonstration of the sites of synthesis and metabolism of cpidermal proteins. It has been revealed for instance that a number of granular cells have ceased synthesis of protein during the later stages of cpidcrmal cell differentiation (3). In man and newborn rats, at least two foci of protein synthesis were found. Both proteins synthesized in the lower and upper layers of the epidermis moved into the cornificd layer indicating that incorporated amino acids-H3 contributed to kcratin formation. This nullifies Kaku's notion (22) The role of kcratohyalin granules in the kcratinization process has been debated extensively (14, 23, 24) . It is generally agreed now that kcratohyalin granules contribute to the formation of normal epidermal keratin (25, 26) . 2. Synthesis of radioactively labeled protein was found in the basal, spinous, and granular layers after intraperitoneal injection of all amino acids-H3, but grain counts indicated: 1) leucine-H', lysine-il', methionine-H', phenylalanine-il', and valine-H' concentrated primarily in the basal and spinous layers; 2) arginine-H', histidine-il', glycine-il', and serine-il' tend to localize in the granular layer; and 3) proline-H', and tyrosine-il' labeled all layers evenly.
3. Label appeared over keratohyalin granules after injection of arginina-H', histidine-il', glycine-il', and serine-H'. Injection of tyrosine-H' resulted in labeling keratohyalin granules, but not consistently and proline-H' incorporation was observed between the granules.
